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K 8643 

OCKCCCZTVELY HEATING A OUPTBflFANEMJ OIL SHALS 'JO 
CX&YTE PERMEABILITY AND SSBfiSCUWOiY FKECCB OIL 

Ihis invention relates to reoovpjH ng oil fixxn a subterranean 
oil shalo by means of a (xavSuetivi/ heat drive pmn^s, Jvtore 
particularly, the invention relates to treating a relatively thick, 
and substantially carpletely inparneabLe subterranean oil ehaie by 
•3 means of a. conductive heating projseu which both creates a 

pentKaablfi zarm within a selected portion of tia ni i shale and 
subsequently produces shale oil Itydrocarbons. 

A perraeability-aJ.dad type irf conductive heat drive for 
producing ail from a subterranean oil shale invented in Sweeten 

10 by F.rjjxtfigfitroen. That process, 'which was invented about 40 years 
ago* was carmarcially used an a srall scale 1b the 19MI&. It ia 
described in Swedish Patents Nos. 121,737? 123,136? 123,237; 
123,138; 125,712 and 126,674, in United States Patent to. 
2/732,195, and in journal articles such as: "Ondergrcnnd Shale Oil 

lli Pyro lysis According to the Ljungstroam Mathod", iva \folume 24 

(1953) No, 3 1 pagas 118 to 123/ and "Net ftnsrgy Recoveries Foe The 
In Situ Dielectric Uoating of Oil shale" , Oil Shale Symposium 
Proceedings 11, page 311 to 330 (1978)- In the Swedish prooasa, 
teat injection walls and fluid producing wells were completed 

20 within a penreable near-surfaca oil ahale formation so that tJiere 
was loss than a threa-cnetre separation bettaaan the boreholea* lhe 
iiaat injection wells weace equipped with ei«ctx.\cal or other heating 
olxsunonts which were sixrxounded by a ne&s of material, such as send 
or nanent, arranged to transmit heat into the oil ahale while 

2$ oreventiag any inflowing or outflowing oi fluid. In the oil ehale 
for which tit© Swedish ftxooess was designed ajx3 tested, the 
parnieabiiiity was such that, due to a contiogouB inflowing of ground 
water, a continuous penrping-out of water was naadad to avoid 
wasting energy by evaporating that water. 

30 With respect to .substantially caflpletoly liipartneahle, 
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relatively clasp and >:eIaLivc2y thick oil stole deposits, such as 
thos« vn the Picaance lias In in the Unites state*, tha pnflsoMlity 
o£- utilizing a cciidittjtive heating prooabu for prodooiixj oil va» 
previously considered to be — according to prior teachings and 
5 beliefs — A-ymonucally unfeasible. For exorpla, in tha 

abcwe-idcntified O.U ShAlo Syupouyuni, the Ljungatroein process is 
characterised cis o process whlc^i successfully recovered shale 
oil by «nfce<2riing tubular electrical heating elements within 
higb-cfrade shale deposits. This method relied on ordinary ttoanra.1 

]0 diffusion for shale fcaatiiuj, which, of. oouree, requires iai^u 

tenperatnrQ qradients. 'Cftus, heating vfA9 very nun-unif cxttoj^ ironths 
wore required to fully retort small nxzn-siza blocks of shale. 
Alsor much txsa± energy was wasted In undcrheating the shala region* 
bfycod the periphery of tile retort;* rig ?one and overhearing the 

15 shale closest to tha heat source. Tha latter problem i* especially 
Ltrjortant \\\ die ease of Tfesu&rn shales, ninoe thermal er«rqy i.n 
overhoarted zones, cannot b» fully recovered by diff119d.cn duo to 
cnaothorrnic reactions which take place above abogt 600 °C/ r fpwje 

?,a In substantially impermeable typea of relatively thick 

subterranean oil shale formations/ the creating and maintain Ids/ of 
a pcrtiOinbija tana trough which the pyrolysis products can be flowed 
lias been found to ba a severe problem. In ur» Patent No. 3 f 4$8,376* 
it is stated (in cols. 1 and 2) that '"There are two jnoohanisjna 

25 Lnvolved iii the transport of lieat thorough the oil ahale. Heat i3 
transferred through the solid macs of oil shale by conduction* llw 
boat is alao transferred by convection Wurough the solid irass of 
oil Bhale. 'ite transier of heat toy conduction ig a relatively Blow 
process. The average thermal conductivity and average thermal 

30 diff usivity of oil snal* are aJxsit those of a finebriefc. Tha matrix 
of enijd oil shale has an extreenely low perraability much lite 
unglated poraalaJ.n- As a result, tha ccxavcctivii tranaier of heat ic 
lliTtiteJ to heating by fluid flow? ctocaincd in open channels which 
traverse tha nil shale. '.fheeo flow channels nay i» natural and 

35 artificially induced fractures. ...On heating, a layer of 
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pyxolyzfld oil shale builds adjfcoeut the channel. Tlda layer is on 
iixungnnic nrijieral matrix which oont&irui varying clegroes of carbon. 
Hie layer is an evcrHaxpanding harrier to l»at flew from th* 
heating fluid in the channel. N The patent is directed to A ptockhb 
5 for circulating heated oil a)kala-pyix>'l.y3ing fluid through a flow 

channel while Adding abrasive particlp* to tte circulating fluid to 
erode the layer of pyrulysed oil shale being formed adjacent to tlio 

Although the theimal conductivity ami thoncwl diffusivity of 
JO many subterranean oil shales are, in fact, relatival* ais&Uar to 
Chose of unglaxed porcelain and firebrick, US Patent No J, 237 ,689 
postulates that "a rapid advance of a lieat front" (Col. 3, line 7) 
can be obtained by exchanging haat between bhe oil shale and. a 
nuclear reactor cooling f luicS and describes systems Ear uaing such 
13 reactors either located on the earth's surface or in the oil shalR 
deposit. 

OS Patutit No, 3,2M,2fll *ay» (at Col. i r linea 3-21), "Tto 
production of oil from oil shale, by heating the shale by various 
mean* such as ... an electrical reaiatance heater . . . has been 

20 Atteikvt&d with little sucvefln* , . . Fracturing oi the shalo oil 

prior to the application oi heat thereto by in sita aowtouscian or 
other means has been practised with little success because the 
shale swells upon lioatixiq with consequent partial or complete 
closure of the fracture. The patent described a pmceaa of 

25 sequentially heating (and thus selling) the oil shale, then 

injecting fluid to tydraulically fracture the- swollen shale* thai 
repealing those steps until a hoat-t>toble fracture has been 
propagated Into a production wall, 

US Patent Kb* 3,455,383 describe* the aocurmilaticn of 

30 partially depleted oil ehale fragments within a flow channel such 
as a fcorixcmbal fracturo being held open by the preasnre of t3» 
fluid within the chancel. The patent discloses that if the channel 
mof is lifted to maintain a flow path above sash a layer of 
<?ep3etjed shalo, the overlying fomiKtiona must ha bent and, without 

^3 precautions , will bend to an extent causing fractures to extend up 
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to the surface of the earth. Ttic patent it* directed to u process of 
inrtennitteniJy roduoin<j the pressure on the fluid within such an 
f lractute to allow tha wight oi: tin? overburden to crush and compact 
the layer of depleted shale- 
5 Tn a significant portion of substantially mpenzentyla and 

relatively thick oil shale deposits, such aa those in tha Fieeance 
Basin, a valuable resourco ot ataainium is present in the form off 
dawsanite. In US Patent »o> J,359 r 97S t directed to recovering 
alumnium value* from retorted oil shale* whloh have baan mined out 

K> from euch deposits, it ia pointed oat that, in a substantial 

absonoa of water* at tett^aeratures of about UQO *X the dawfionita 1.9 
oomvorted to crystalline sodium alurcinato. Such a water* frdes 
retorting can daooopose dolauite in the shale to produce carbon 
dioxide^ calcitc, and magnesium oxide so that rcagncsiuflo oxide 

] 5 cenfcxinea with part of the silicon dioxide in tbs aliale, in a rtniuisr 
permitting a higher recovery ot the aluminium valuea by a loachin? 
process. US Patent M©« 3,502,372, directed to utilizing solution 
mining to recover daweonibe, Indira tea that where tha pyrolyftfs As 
erfiected by an aqueoua fluid, such a team or the products of 

2Q underground corbustion, it timet be conducted at a lour teaperatura 
and thus relatively slowly, to avoid convextilig tlic daw&snite and 
othav soluble- aluminium compounds to an inaoluble material such aa 
anstlcite. In US Patent ftx. 3,572,838, a similar relatively lew 
ten$eraturs pyrolyei a 19 alternated with injections of an aqueous 

25 alkaline fluid oantaiiring an acid-insoliihle chelating agent to aid 
in leaching oaareonite without forming such insoluble material 3 

Tha presont invention relates bo a process for conductive ly 
Ideating a subte rran ean oil shall* rorraticn in a manner arranged tor 
producijng oil frccn a subterranean oil shale fonration which is r 

y$ initially, substantially impenneable. In accordance with this 
invention, the portion of oil shale deposit to be treated is 
selected, on the basia of th© Variations vith depth in the 
ccsnposition an properties of its oorapanenfcB, to have properties 
capable of interacting j.n a manner which enhance* tte uniformity of 

35 the heat fronts to an extent liauting tha tine and energy 
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uxpeaditures producing thtt oil to values equivalent to leas than 

the value of the oil which la produced. ?ho selection of thtt 

treatment interval it based on the grade and thickness of the 

portion of oil shale depouit to be treated and the enhancement It 

provides amounts to reducing the artount o£ heat energy lost duo to 

exothermic side reactions and increasing the amount of oil 

recovered frorc a given grade of oil shale. 

In accordance with this invention at least two vails are 

completed Into a subterranean oil shale treatment interval which 

10 Is. substantially impermeable, contain* aubatantially no wobile 

water, is at least about 30 in thick, ia capable of confining fluid 

at process pressure, at leatt substantially within the treatment 

interval, and conta1.ni* a grade and thickness* of oil shale such 

that the average grade In gallons of oil plus ?as aguivaleot par 

ton by Fisoher Assay ia at leaat about 10 and the product of the 

grade time* the thickness in metres: of the oil shale ia at least 

about SOD. 

Thus, the present invention provides in a process in 
which oil Is produced from a (subterranean oil shale deposit by 
20 extending at least one each of heat-injecting and fluid-producing 
*eUs into the deposit, establishing a heat-conductive fluid* 
impermeable barrier b*tvaan the interior of eacb beat-injecting 
veil and the adjacent deposit, and then heating th« interior of 
each heat-injecting *ell at a tanp-eratuxe sufficient to 
coLiHuctively heat oil shale karogen and causa pyro lysis products 
to for* fractures within the oil shala deposit through which the 
pyrolyuiB products are displaced into at least one production 
wall, an improvement for enhancing the oni fortuity of the heat 
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Croats moving through the oil shale deposit, which comprises r 

determining variations with depth in the composition and 

properties of the oil anal* deposit; 

completing said heat-injecting and f luid-pxoducing wells 
selectively into a treat&ent interval of oil shale in which 
the oil shale deposit (a) is at least about 30 m thick, (b) 
is substantially impermeable ^nd free of mobile water, 
(c) has a composition and thickness such that the- product of 
the average flpchar Assay grade tine* ttxe thickness of the 
treatment interval is at least about 900, and Id) thereby 
contains conponents capable of interacting in a manner 
enhancing the uniformity ot a front of conductively 
transmitted heat, with tzaid wella being arranged so that, 
at least substantially throughout said treatment interval, 
the well boreholes are substantially parallel and are 
separated by substantially equal distances of at least 
about 6 m/ and 

within the interior of each heat-injecting well maintaining 
an average temperature which, selectively along said 
treatment interval, is at least about 6DQ°C, but la not 
high, enough to thermally damage equipment within the well, 
while heat la being transmitted away from the well at a 
rate not significantly faster than that pernltted by the 
thermal conductivities of the earth formations adjacent to 
the heated interval within the well. 

In a location in which a subterranean oil shale may 
contain portions «hicb axe generally suitable for us« as a 
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treatment interval (as described above) but are ape to be 
P«rmoated by substantially disconnected natural fractures and/ or 
planes of weakness as well as being located near boundaries of the 
oil recovery pattern and/or near a potentially active aquifer, the 
operation of the present process can advantageously be combined 
with a use of "guard walls" locate*! near the periphery of the oil 
recovery pattern and/or between a production mil and an aquifer. 
Such guard wells are extended at least substantially throughout 
the vertical extent of the treatment Intervals end the adjacent 
formations are initially heated by thermal conduction in a Banner 
similar to that employed in the heat- injecting wells, except that 
the guard wells are heated, at temperature a which are too low to 
gasify significant proportion of the oil shale organic components 
but are high enough to cause a significant thermal «xpenaion of 
the rock matrix of the oil shale deposit. 

In some instances, it nay be desirable to maintain such 

a 
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relatively lew temperaxxu-e guard well tiRscfcing throughout at; least a 
substantial portion «£ tba shale oil reoovery procaaa. In other 
•inatanccD, altar o« initial relatively low teiifcwrature heating of 
the guard MellSi it may advantageous to lieat guard m*11b at 
about tha temperature oc looted for the hsat-injecting rails r in 
order to expand the pattern of walla from which o.U is displaced by 
tbezrnal conduction. 

as used heroin i^axding the gcade of the port ion of oil slvile 
to be treated* the "average grade in gallons per too by Fischar 
Ascay" refers to the following? T3*a det^adjiation is or is 
equivalent to a dHtertnixiation conducted substantially an described 
in th=5 tS&ttA Standard Test Method li 5904-90, Crushed raw ahala in 
sampled by rif fle-splittiiig.. Tha deterairination of tbo amount o£ oil 
plus gas equivalent available- fruro oil shale is made by heating tha 
raw shale frciu ambient terqneratute to 500 a C in cant alumurinw- 
alloy retorts. The vapours distilled from the ample are cooled and 
tha condensed fraction is collected, Ths oil and water fractions 
are separated, the vraiter volui&a (oonvtirbed to weijght equivalent) is 
measured and subtracted from the oil plus Mater weight, itoe weight 
ot imocndonsable Raises evolved Igas-plus-loss) is than calculated 
by difference. The grade* r as used in the "grade times thickness in 
metres of oU sliale" product/ ia the gallons of oil plus 
Ityarocarfcon <jaa equivalent corresponding to tJia total weight oi nil 
plus hydrocarbon gas evolved by tha hfiatirg* 

The wella are carpleted into the treatment interval and are 
arranged to provide at least one each of heat-injectirs and fluid- 
producing wells having boreholes which, substantially throughout; 
the treatment interval , are substantially parallel and are 
separated by substantially equal distances of at. least about 6 nu 
In enjuh ] ueat-injetrting well* substantially throughout the treatment 
interval, tho weil-surxounding face of die oil shale f o oc ut ion is 
sealed vith a solid notorial and/or cement which is relatively beat 
omndnstiw and substantially fluid l/npaona-dbln* In each fluid- 
producing w?ll P substantially throughout tJto treatment interval, 
fluid ctxTTttunicatiaffi is established bofcwoan the well borahole and 
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tiua oil shale f carnation anJ ttve weU. is arranged for pixjciueing 
fluid from the oil shalo formation* The ulterior of each, 
heat-injecting will is boat cot, at least snbstanfciaUy thrtxigbcut 
tiie treatjiisjt interval, at a rate or rates csapnhlfr of (a) 
increasing the tejiperirtiare within the borehole* interior to at lease 
abyjt 600 °C and fb) maintaining a borehole interior ijfinperature of 
at least about 600 °C without causing it to beccraa high enough tn 
thcartilly damags egulpcrettt within the borehole whila Uie rate at 
which boat i& generated in the borehole is *uhf?tmtia3 Jy equal to 
that permitted by the hsat aroductivity of the oil bhale tbranarfctan, 

In a preferred crnbcdLkent of the present process, the imperial 
for scaling the face of Utie oil shalu fomatioa along cne borehole 
of at least ens lifiat.-injecting well is a closed hottrxa raring 
granted by cement arranged to fill substantially all (if the spassj 
between each outermost xiutailic' element present within the interior 
of tha borehole and the adjacent face of tha nil shale formation, 
with said cement having a thenral conductivity at least 
substantially as high as that of the oil sJiala formation. 

Detenainatiajw an* made of variations with dopth in tha 
caipasition and prop3crtijQ& of the oil shale deposit and, in a 
particularly preferred procedure, based cm tha. variation with depth 
in the heat ocniuotivity of the oil shale deposit, tha heat- 
in;] ecting wells axe liaated so that relatively higher Cesipcraturos 
are allied art dspths adjacent to portions of tha oil shale deposit 
in which tho heat conductivity is relatively low. In addition, or 
alternatively, in various situations, the effective radius of at 
least one heart-injecting well is increased by creating an expanded 
portion of the veil bora) tola and extending heat-ooodooting metal 
elenenta frcm within the heated well interior to near the well of 
tha expanded portion of the borehole* 

the present process is valuable for use within a treatment 
interval of oil shale which contains other valuable mineral** such as 
dawsonice and/or nahoolite> In such a situation the present process 
creates a pentcablii vacm which is selectively located, within tJie 
treatment interval and substantially within the )x?undarics of tho 
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wel\ palters u&ad for the oil production* The resultant: permeable 
zone is- a zona front whicb soch other minerals can ha anlnt.i on— 
mined* 

In general, tte present invention is applicable to 
substantially any sajtoterxanaan oil *hal* deposit cmtaining on 
interval of BUbstanHally iii^rcn&able oil shale which is 
substantially frco of mobile wacer# is arorc tliau ncniit 30 to tMcX, 
and has an adequate average grade in gallons per tun (Fischer 
Assay) to give a graae-thickfieiis product of about 900 or greater. 
Ths Average grade of the heated interval should he greater than 
about 10 gallons par ton (Fischer i\ssay) . Within these 1 imitations t 
a higher grade*- thickness product >.» increasingly desirable if othnr 
conditions such as depth rctwiln the sane. 

Tll2 invention will now be explained in greater detail with, 
i^feresnce to the aooonpanying drawings , in which: 

Figure \ shows a plot of relative rate of return (RRJ for 1 ( J82 
138 dollars invested in installing and operating the process of tha 
present invention/ as a function of oil shale grade-thiaknesa 
[GXTll) product, to produce shale oil art its 1982 value. 

Figure 2 illustrates a plot of thsrnal profiles at an 
observation well regarding temperatures measured at different 
depths ID) and tiaes within that wall. 

Figure i is a plot of the radial thsnn&l profiles at the 
middle of a heated ?.an& after different tiinea of heating* 

Figure 4 is a plot of thermal oanductivxtiee parallel aod 
perpendicular to ths tedding planes of an oil shale as a function 
of tcopcrature. 

Figure 5 is a graph of Fischer Assay yield with cfepth (D) in 
and abovo a heated portion of subosrranean oil shale. 

Figures 6 anJ 7 are plot* of horizontal and vertical 
tenfaerature profiles within a heated portion of nibterrar^an oil 
shala formation. 

Figure 8 is a scheotttic illustration o£ a portion of a 
cccpletion arranqemit suitable for practising tha present 
iiwentioaru 



1288043 



- a * 

weZl pautorn us^d .tar the oil production* The resultant pcrraoahla 
zone* is a zona fxocn which such other mineral* con ba anlnt. ion- 
mined. 

In general, tiie present invention is applicable to 
substantially any subtcrnmaan nil .ihale deposit cmtaioing .m 
interval of BubBtanH al ly iiTpQJGHi&abia! oil shaJa which is 
substantially free of mobile Katier # is irorc than nbrait 30 to thicfc, 
and has an adequate average grade in gallons psr tun (Fischer 
Assay) to give a grado-thickness product, ofi about 900 or greater. 
Ths average grade of the heated interval should be greater tiian 
about 10 gallon* pur ton (Fischer Assay ) , Wit>iin these limitations, 
a hicjter grade- thickness product ie increasingly desirable if other 
conditions such a? depth remain tha sane. 

Ths invention will now be explained in greater detail with, 
reference to the aooanpanying drawings * in which: 

Figure \ shews a plot of relative rate of return (KR) for 1SB2 
US dollars invested in installing and operating the process of tbs 
present invention, as a function of oil shale grade-thickneaa 
KatfEI) product, to produce shale oil at its 1982 value, 

Figuxe 2 illustrates e plot of thsrnal profiles at an 
observation well regarding tejtjperatures measured at different 
depths ED) and tines within that well. 

Figure i is a plot of the radial thermal profiles at the 
middle of a heated sane after different tinea of heating. 

Figure 4 is a plot of thermal conductivities parallel and 
perpendicular to the balding planes of an oi I shale as a function 
of temperature. 

Figure 5 is a graph of Fischer Assay yield with depth (D) in 
and above a hearted portion of subterranean oil shale. 

F igures & and 7 are plots of horizontal and vertical 
tenpecature profiles within a heated portion of subterranean oil 
£hala format- von. 

Figure 8 is a scheaatio illustration o£ a p o rt ion of a <*jJI 
completion arrangement suitable for practising tha present 
iiwentica. 
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tax sand, Ljiingstrosra teach*.? that tha in aitu heating and 
pyrolyaiiig should J» dona in a portion of tJu» ijnpanteable formation 
which is vertically contiguous to □ ^ell-Intuiuurractiuq fracture 
or a layer which ha* different geological character and is 
permeable to flow of the fluid productt-K of the heating «r 
pyrolyaifl, 

Contraij' to tJva implications of such prior teachings arA 
beliefs , applicants ctiaoovar&l tha* the presently described 
ctnductive hasting process is oconcmically feasible for u*» in a 
substantially impertnBable sijtoterransan ail shale* This io not 
obvious, particularly in view of the fact that tha present process 
u.953 a much larger mil spacing than that usod in tha Swedish 
process and tha present process is conducted by heating the 
injection wells to temperatures of at least about 600 *C I although 
600 *C tiaa bean said to by conducive to an fecociatiacaJJy untenable f 
heat-wasting, ennbthezroic reaction^ see tfco Oil Shale 9yirnoen\^a 
Proceedings mfentlrtruM above) . 

By means of laboratory and field test meiisureimnta and 
mathematical models of the present process, applicants have found 
tJiat whoa tha w\2s are spaaed, completed, arid operated a* 
presently A s c r ibed, the only rayiou in which heat energy is 
utilized in an e^dodiarmic reaction accents to leas than aJwut t% 
of tha area to ha heated, and tha energy lost in that fashion is 
insignificant. AjscOicants have- incisure! the rate at which 
substantially iwpontiaable oil shale formations axe heated Jiy 
conductivity, and have c^terfiuxed tha amount of boat required for 
pyxolystng kerogen and thennally pressurising the pyrolysis 
products to pressures capable of fracturing a relatively deep oil 
shaile farnttttoa and thermally displacing pyrolysis prodncts through 
tha ^-created permeability, 

Tha data obtained by such rtttjd&arenenta in the field and in the 
laboratory ltaw* been ev^loyed In calculations of power recjulro- 
m&nta, eocmcmljcs, tiflis to start pxo&ctlon, project duration, 
acnount of production, etc*, in nathenatical siitulation* that 
correlate wiU\ the field and laboratory data and iiidicate the 
cnagnitudes of such factors io respect to a full scald prncRas. 
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T>x),ne calculations ijtdicat* that t)» presently defined process i* 
tba only ahala oil. ^reduction proccas of wht.ch uyylicantB atro aware 
which ig capable of ceoranLcally obtaining oil frcm a relatively 
low graite oil nhale formation, such as otw in which the Fischer 
Assay ia only 15 gallon* or less per ton. This capability can 
increase tha petroleum renervo? of a sigivi (f lonnt proportion of tha 
oil stole land* by a Uctar of six. In addition, with respect to 
prcraessec for unctea."qxou)id mining and enudified in titu retorting ol 
oil shale, the preaent proceaa significantly iivroasca tha amount 
of available resources by eliminating tne na^d tor suppocrt pillar* 
and iiitorburden between nrining zonaa and by providing a means fur 
treating substantially all ol? a very thick interval of oil shale. 

Iha present process can advantagooualy be applied to an oil 
abate formation in which there in tjignif icant concentration o£ a 
mineral such as tfacwoonita or nahoolite. In such a formation the 
prcottflfl provide** a permeable 2009 from which such a mineral can be 
recovered, in addition, the present process ia particularly 
advantagacufl in converting dawaonite to wator-soluble oornpounda of 
almniniuai (probably rho-alunina) which have been {both chsfrdcelly 
and physically) itatfe available for solution-ndniiig to produce the 
aluminium — an eaa-ntial notarial which is in short Fwppiy vitfiin 
the United States. In contrast to many previously proposed 
panoces30s, ths process of the present invention requires sub- 
stantially no water , involves minimal lard disruption, and can ba 
conducted with minimal atmospheric pollution. 

Figure L shewa Lhe relative rate of return for 1982 US dollar* 
invested in installing and operating the present proceaa in field 
applications that have boon flathasaatioally nodel.led from dzita 
obtained by field and laboratory tra*ureroents. 
kctbus 1 

A DDxieff of injection and production walla it drilled into an 
oil shale formation 4 B at in thickness with 120 a of overburden. Uia 
average, oil grade of the interval la 20 gallons per ton as cteter- 
mined by Fi schcr Assay* 

Ti)H well pattern i* a *evea-spot with each heat injector at 
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tha canter of a regular hexagon gurrouncltng a central producing 
wall. Th» spacing is 22*5 to between producers and .injectors. The 
pattern repasts vrith producers sharing tha injectors in each 
direction and aontimias to "form a fieldrVida pattern capable of 
5 protfiidng A larga quantity of oil. The injector- to-prnducnr ratio 
approachea 2 to 1 it) a large fieJd. Tn 1 : bcanpl& 1 the total nil 
production is 23 f 000 borrala per day throughout the lLfc of tl*i 
project* 

Tte injection weUs eLecbrical haatera are osronted into eh© 
JO formation and connected to a power sourco on tha surface. Tha 
production walls axe equipped, with standard oil field pumpa for 
lifting tha produced oil to tha surf ace* Tna electrical injection 
rat© it 3.23 x \Q fl 7tt*lA*aJ.l per day. The tert&erature cd the 
injector* attains 750 'ihe production wlls reach a terminal 
(5 fcenparafcura of 300 *C after 33-34 year* of operatic©. Prodiiction 
over thia period averages 5-6 barrela/chy par wall, with tha 
average niatber or active producing wells baing fro* about 4000 to 
5000. (Teat censunption ia 1*1 x 10 & OJU/barrel of liquid oil 
proiuctinju 

20 Gaseous products collected from the pixvtwrtion walls ray be 

utftd for cm-eite generation of eloctricity or otniar purposes* The 
oil-phaao potrolcitn which ia ao prodnoad is superior to con- 
ventionally retorted ahala oil. Ifte relative rata of return which 
can be expected from tha toanple 1 situation i& illustrated by tha 

25 "EX. 1" Situation designation on Figure I. 
KXrtKPLE 2 

A series of injection and production wells are drilled into an 
oil shale formation 2&5 ra In thickness with 300 in of overtturdam 
The average grada of tha oil shale interval la 26 gallona per ton 

:i0 aa detennlnecl by rischer assay. 

ThR veil pattern is tte same sovm-spot described in Example l 
exo&pt t)-ja spaciog ia 13.5 jo between vails instead of 22.5 itk. Total 
production ia 25,000 bnrrels/ctny tcouqhout tha Una of the project. 
The injector to producer ratio still approaches 2 to 1 ♦ In tha 

J 5 wells , the heaters and production equipment are sriadlar to thoae 
<teacrihsd in Jfccanpla U 
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fUcctrioal injection rate is 10. S3 % lt> 5 BSD/wall per day. 

Too ijijecta/xi well tcurxxratuiKH r«aci"i 750 'C and the prrxiuntlon 

wells reach a fi.na.1 tenperature of* "icm l, c after a production life 

of 9-1 0 year*. Production error this pariod averagas 42-43 

barrel ?/<Wy per well, with the average number of active prtyteing 

5 

wells being about fiOO. Th« heat censu/qptka* is 5,6 y iu ?3TO/bazrel 
oi iiquda oil prodDoocL 

As in Exarrple I, gaseoui products can ba used for ocwiitu 
power generation or other purposes aix3 tha liquid product w.iJJ )ya 
hiqbar in quality than conventionally retartod shale oil. The 
relative rate of return which can be expected 19 illustrated by tha 
w iac. 2" situation designation on Figure 1« 

Table 1 liata aginations of oil, shale gradaR, thiefcnesass 
and grade-chicknccs product* which are generally suitable far una 
in the present; process, Ttn& relative position* of such grade 
tbickn»3fc& tA-oducta vith respect to tha relative rate* of financial 
return are illustrated by the designation* "Preferred Range" < P. R, J 
and "Especially Preforrod Range" (B.P.p.j cm figure 1. 

TRHLE 1 

ftratte {gallonsytea) T hickness (m) Grade x Thickness 
30 30 900 
20 45 900 
10 90 900 

Mare desirable gratis thickness exoirplea axe .shown as follc^a: 

Grade (gallons/tan) tliictaoea lift) Grade x Ihicknesfl 
30 l!i0 4500 
25 60 1500 
20 300 600D 
15 fiOO 9000 
*n 225 2250 

lo general, the higher tbe grade thlckne&ft product tha more 
UtiBiruble. The practical application io limited only by the ability 
to hart tha desired interval. 
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Field Test Hoasumienti r 

Test© ware canduetad in an cuccropping ox an oil shale 
foxnatioa which is typical of aub*tancially ircpemeable artf 
relatively thick oil. shaLc deposits- Thirteen boreholes were 
drilled to feptha between 6 and 12 n and wmtr arranged ta provide 9 
pattern of heat-iniectirxi, observation and f iuad-procluctior> wella, 
with the boreholes being spaced about 0*6 a apart in order to 
provide a relatively rapid acquisition of data. Haat wan injected 
at a irate of about 1000 watts per nietr* for five days. After the 
heat-injection wall temperature hod reached 4 SO 9 C f a tenperuturn 
f*ll-o£Z test wa& run for one day. 

Figure 2 shows the vertical theraal profilo* in an observation 
well, as a functeixjn of tirno. The data vra* fit bed to a unthsnatical* 
solution describing the tcapaarature distribution around a 
finite-length linn naurae inside' a medium at thacnal ocoooMctivity 
(parallel to bedding) 3-25 xncaZ/cw-aec-*C ai>J thermal ccsvJuctivity 
jpoogpartdl nnlar) 3.25 jical/c»-«iC-*C» Ifce specific ]ieat capacity 
utilized in the caicrjlatiana was computed from the thermal 
conductivity y tharraal diffusivity , and av«raga bulk density of 
cores reccvered during drilling of tlie wo 11a. The therwophyeical 
propcsrtieo for the tba oil bitale in Which tho taettf were conducted 
are siHimarisfid in Table 2. 



Figure 3 ahm* radial profile* confuted far the iniddlo of the 
1-voated 20)te for various heating tine* (t) * At the end of a 
temperature fail lri-up teat of 140.5 hours, tha average fonration 
ten^eraturo butween the heatex and observation well wee 120 °C« 



TftBLg 2 



initial Hcsorvoir Tanveratnre 
Fischer Assay « 

nulk Density 3 
Thermal Diffusivity: 
Specific (Icat capacity; 



20 gallon/ ton 
2. 2D gen/an^ 
e.S x 10~ 3 cm 2 /aec 
0*224 cal/gra *C 



1288043 



- 15 - 

Figuve 4 shews a canpdrison of laboratory values and field 
data ryia-ti^/f? to the tharnal oanductivity parallel tn ard 
perpendicular to the bedding planes oE the oil shale; fbrrnatian r as 
a function of tmqperature. The laboratory conductivity tnoasureinents 
5 were nade on adjacent smiles of cares fran tte observation well, 
u^ing rone o^ret cut parallel to and azm cut perpendicular to tto 
bedding plana*, A tvi trogaxMtno&piTer* wne used to elisdnate 
OKldfttian reaction ♦ The samples were constrained in tha vertical 
direction bat ware free ta expand radially • After the sanplo? were 

10 heated to BOO *C, tJ\» radial expansion averaged 1.45%. shown in 
the figuiies, tha laboratory valued are in excellent agreeraent. with 
tl\n values ccxiputed from the field data, Tha te*t* indicate that 
the therml ooridbctivity ia lwer in the direction pcrpaadiculax to 
tha bedding piano, because, kerogen layers have a lever conductivity 

15 than tha dolcndte ratrix. At tdtperatures below ICQ "C, the thamroJ 
conductivity Lit essentially isotropic r as observed in the fiold 
tests. 8uty that oacuductivity becomes increasingly anisotropic, a* 
the karogen is recnoved {at terrperaturee between 300 and 400 *C) and 
gas begins to occupy the spaces between tha layer Above 700 *C t 

2t> both tha parallel and perpendicular conductivity decrease sharply 
dus to the decomposition of the dolomite and evolution of OO^. 

When a Gajbtcxranean oil shale Carnation ie hearted tha oil 
ahala expands as the temperature iixoroasee- When the oil ahele 
tait^urature reaches a kerogen pyrolyaing tenparatura {far eacaanplo* 

25 frcm about 27S- 325 *c) additional expansion farces are generated* 
'The kerogen is converted to fluids cnpable of occupying a larger 
volume than tha kerooan, and such fluids bacoie increasingly 
peceasurized when the temperature is incrfcasod. As more fluid is 
£orand and more fluid is heated, hydranli rally ittdocsd fractures 

10 ' form within tho oil ehala fiorsrotion. 

Fractures which are l^drsulioally induced within subterranean 
earth formations fbra along planes perpendicular to tlie least of 
the three principal cuuv * ew sive stresses (i.e./ one vertical and 
two Mutually perpendicular horizontal compressive stresses) vtiich 

K exist withiu any subterranean earth forsartun. However , uhere the 



KydrauHc fracture* tend to he vortical, horizontal fractures can 
ba formed by injecting hp.atpd fluids CO that the *alLn of tht 
vertical fractures are heated untU they swell shut. Thai, by 
increasing the fluitf injecticn pre*»tiure to greaLer than iwrburden 
pressuro, a horiiontat fracture can be formed, Such processes for 
thermally inducirvg thu fonr**tian of barizarital fractures by 
injecting externally heated and pressurized fluids are ctescribed In 
patents such as tte aba-ye-wJtiorad US Patent tto, 3,234,281;. U3 
Patent No* 3,455,391 by C.S. Hattha*», ?♦ Vanroora and C.W. vblek, 
and US Patent No* 3,613,785 by P.J. Clotefiann* 

applicants have new diHaovexed that when substantially 
irtpenceabl e subterranean oil shales having the presently speed find 
ccufoinatiOH of grade and thickness were ccaductively hcatad a* 
presently &i»cLfied., 9 rare of panwsahility voa developed between 
walla within the oil shale. Although tJie present invention is not 
premised on any particular mechanis*, in the course of such a 
treatment the heated oil shale behaved as though it was subjected 
to the abcrw-deecribed type of proofs for therjnaUy inducing the 
formation of horizontal fractures. Such a behaviour not 
predictable , sinco the pr«E*>nt process ic operated without any 
injection of any fluid* It appears that when the present process is 
operated within an impermeable oil filials, the in situ generation 
and dn.^laoecncnt of heated and highly pressurized fluids occurs at 
the tinea and to the extents needed to successively extend and 
horizontally fracture through suxjsssive portione of the oil shale , 
whsn thoss portions became condiKtiveiy hcatod Tha 20ns being 
heated appeaxs to undergo a relatively uniform, horizontal* radial 
expansion through the oil shale, at the rate set by the thenral 
conductivity of the oil shale, m each successive location in uhich 
a Xerogsn pyrolyaing turtperature ie reached, fluids appear to be 
formed/ heated and ptxbssurized ho that substantially any vertical 
fractures which are forrend within the heated zone are sii>sc*iuantly 
converted to horizontal fractures* 

J^licants' tests indicated that substantially all of the 
f luid pyrolycis produces of the oil shale tended to remain in or 
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r&xr Uio Locations in vAiich they were fanned until they were 
displaced, through aijbetantially horjaontal fractures, into veils 
adjoining tho baat-injeci/ing wells- In addition, the fractirre- 
irtducing pressure of fluids an the Iioriaontal fractures appears to 
5 liavu been >?edao£d as those f luids expanded ana *«re ocolad as they 
moved away from tha hottest portions of the aone. 

UItds, th* present prooczz seam to Inlvx the roving of a zone 
of kerogeD-jyraly-ziog temperatures through tha oil sh&la 
iintedisctely behind a son* of Jxcali2ed fracturing in which the 

10 fracture* are, or soon become, horizontal fractures, 3be 'Acatlug 
and fracturing sanea seem to undergo a substantially uniform, 
hoxisontal, radial expansion threw* tha oil shale , until the we 
of fracturing reaches a location (such as tha bor«*ole of a 
prodiictinei wall) frcn v5\icfa the oil shale eyralyain products aro 

(5 withdrawn. 

In addition, applicants have discovered that* at least wham 
tha overburden pressure ia snail, the zona- of parroability that ia 
created between adjacent walla retains a significantly high d&gxea 
of permeability after the foroatione have cooled. Thus it appears 

20 that, ovun if the overtaardsn pressure ia high, an aj^lication of 
tha present process ia capable of forming a v^l-lntercctuiecting 
zero in which tha permeability remina high or can be readily 
restocred by an injection of fluid after sane or all of tha heat has 
dissipated* And, the dogrea and location of that permeability can 

25 be controlled by controlling tha rate of removing *i™h froa the 
producing walla. 

tha data obtained by inetujuresenta in field bests of the type 
dancribed above war* inclusive oft the thermal conductivity of the 
oil stale f arjeetien, the amount of oil recowcrahla by Fiaehec 

3U analyr4* at varioue depths within heated intervals of the oil shale 
before and aftor hatting, the measurement of the amount of 
p/rolysis products rocoMMned, and the like. While no axrannicatias 
QxibtHd between heat injectors and producers at teat start-up, 
injections at the end of the test demonstrated tltat perjneable 

35 channels had forend, <Bm results of standard engineering 
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calculations were LxJieats.w of the applicability of a concept of 
the type escribed above to the reaulbs obtained by the teats?, 

Fiqnv® 5 .15 a ^raph of Flecftftr Assay yields, £rom the targe*, 
zan? in the field test* ac a function of ctepth cu 'ifce heat\>d 
5 interval oatunded frcra 4.2 to 6 rk Tim solid curve stowa the yields 
hwfore the heating trwatnKnt and the dashei curve show* the yields 
after retorting was oenpieted, 'FVie yiolds bafore and after w»re 
otiKmtlalJy the =»an» outGidto tiia heated .interval. The tncftsuronvants 
were oatfe on carea Erven the centre of the pattern before heating 
l u and an cares about la an away after boating* The variations which 
are apparent in those yields are within the normal limits of 
accuracy for the nwaaur.tng of such values* 

Withia the heated interval tbo Fischer Assay yield drops frora 
on average of 20 gallccta/tacv before the tt«st to less than 2 
11$ gnllooa/ton after heating. Urn retorting efficiency within the 
process acne wan thua better than <HJi of F$«cher Assay, 

The pattern and extent of tho recovery cenf inn* the fact that 
little oil wis lost ovur the producing liorizua through vertical 
fractures. In addition, the uniformity in retorting efficiency 
?,0 through the heated zene, indicatea that therjnal fronts were 
approximately uniform over nest of the heated interval* 

The uniformity of the thermal fronts Is even more apparent in 
PigoreB 6 and 7. Uhsy show horizontal and vertical tenperaturc 
profiles calculated for- a 9et of verticaL tieatere in a five-spot 
2 r j square pattom. Una set usad in ti>e calculations included four heat 
injentors and one contra producer (not .qno*»x, but centored between 
the boaters £howi on the f igntee) . Each Jicator was assumed to be 
24 in long and heated at the rate o£ B14 W/ib* 

'ihe profiles Jji Figure r> (graph? of tOTfcoratur© variations 
30 with diatancae frcw the heaters} ware calculated along a torizontal 
sugiitiot 1^1^ which ex tends through th£s odd-points of haatera at 
npposite cornars of the nqiHre* Figure 7 is a siitdlar graph of 
profiles aicrg a vertical swgiwnt I^l fi on the axis of eytmetcy 
tha pattern. 

■±$ Such calculations indicate that by the tin* retorting 
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taiperaturefl (275-35.5 °C) arc reaehad at tha cenir* of the intern, 
ncrc than 87% of ita vnlwte has boon ouivurtud vAiila only about 14* 
of the converted voluus* was heated to marc than 325 Furthermore , 
the calculations judicata that i.f the power is turned off or 
a reduand before th* osntrv reaches a taaxrwt t*eirpcrAtiii.» such as 

325 *C f the Jewelling off o£ tha thermal f menus will still haat tha 
centre ol the pattern to retorting tacnpGr&tnres srvi will also 
rectace the tasiiperature ri*a at the boutiira. Ifais oioda nf operation 
can ensure that lC3ft than 10% of tha heated volume is hooted to 
10 ttc£& than 325 °C, and thus can iacxeaBu tha thermal efficiency of 
tte process. 

In viow of tho itbove taat reswl.ts and the eolcalationa ha»ed 
cm those results, it appears that, <xctra to the pcrior teachings 
and belief a, the initial jjipttrrranlri lity of an oil shale deposit can 

15 utilised as an advantage. The initial inperroahil i ty oanfi.n£S 

the fluids and fracture* within the- well pattern, since no 
paOTeaoUity exists until tha. sons between the heat-Injecting and 
fluid-pcioducing w»ll3 become permeated by a pattern of heat- Induced 
horizontal fractwres* 

20 In the present process, the rate at which bast ia transmitted 

into the oil shale deposit is atrongly affeceed hy tlio temporarturG 
gradient between a heat-injecting wall and the surrounding earth 
forttution. In a preferred procedure., tha deteminatjonB of 
variations ffith dtapth in t*ta couposition and properties of the oil 

25 shale dspoait include a determination of tha pattern of heat 

conductivity with depth within the earth f conations adjacent to the 
heat-inj acting vail. Based on such datemiiiaticcxs the temperatures 
to which At least ana heat-injecting well is heated are arranged to 
ba relatively high at the depths at which tha heat conductivities 

30 of tha adjacent earth formations arc relatively lev* Thia tends to 
causa the rata at which heat is transmitted through the earth 
ferrraatiens to be substantially uniform along the axis of tha 
hc%at- v n^eccing well. Yxcwn pfooadnres can be utilized in order to 
provide higher temperatures in portions of heart injecting wells 

jj ac3j-«3«nt to earth formations of relatively low heat condjctivity. 
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For example, in walls vhich are being heated by electrical 
resistances,. additionsl resistant- elements can be positioned at 
the location at which extra heating is required, preferably with 
precautions being taken to avoid the creation of "run -aw ay hot- 
spots" due to increasing temperature further increasing the 
resistance and thus further increasing the heating, for example, 
aa described in the commonly ah Dig tied Canadian patent application 
serial Ho. 495,85* filed November 21, 19S5, by P. VanHeurs and 
C.F. Van Kgmond, In wells being heated by combustion, more, or 
larger, or more heavily fired, burner elenents can be positioned 
in such locations. 

Suitable determinations o£ compositions and properties 
of the minerals and/or organic components of an oil shale deposit 
and the variations with depth in such properties can be made by 
meana of known veil logging, reservoir sampling, and the HXe 
analytical procedures* The determinations can utilize previously 
measured geophysical or geochemical data or laboratory or core 
analyses, etc* for exaaple, the variations with depth in the heat 
conductivity of tbe adjacent formations can be determined by 
calculations based on the kinds and amounts of materials present, 

and/or by thermal conductivity looking measurement a, etc. US 

* 

Patent Bo, 3,S0? r 227 describes a logging tool containing a 
constant, output heat source and three temperature sensors for 
obtaining a log of relative thermal conductivity witb depth, US 
Patent ffo. 3,892,12$ describes lodging cased or open boreholes for 
temperature, specific heat and the r boa 1 conductivity, employing a 
constant output heat source and three temperature sensors. US 
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Patent No. 3,866,969 deecribea a logger for making station 
measurement! oi? thermal conductivity by heatincr a formation for & 
time thoD measuring the rate At which ttie temperature decaye back, 
to the ambient temperature. U8 Patent Ho. 3,9dl,l87 describe* 
logging tbertal conductivity of & cased ire 11 by measuring the 
temperature of the casing wall before and after passing a he a tad 
probe along the vail. 

Am indicated above, even with respect to & five- spot 
pattern in vtaich a aingl* fluid- producing well ia surrounded by 
four t»eat*iR jecting veils, substantially all d€ tne intervening 
oil 
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shale c&n both retorted eutd uudw fjennaabla, However, C-ha present 
invention is preferably ccrplrycd in a *uii«sj or ccxttigrrus seven- 
rrc trurtecn-spot patterns — in cithar of which pattens 
{particularly jLn the thii-teeav-spot pattern) the retort iixj rata in 
3 significantly increased by having each f Juid-pnx*actng well 
surrounded by six or twelve heat~ inserting ^IJj, 

The wells used in the presort pcozeau can be awpletart by 
substantially any method for tfrtjltag a borehole into &nd/ox 
opening a pre-«d.atincr borehole into £luid cennamication with the 

10 subterranean oil shala iornation to be u&ed as an oil shale 

fxaatanent interval. In addition i;o liaviiig the Specified absmott of 
significant amounts of nribile water , fchjcfcness, ar>3 grade, or oil 
shale, the interval to which the piieaent prcc*?** is applied should 
be capable of confining fluid art least Bubetnntially within the 

15 treatment interval, at least in respect to Allowing no significant 
leakage into overlying locations when the pressure of tho fluid 
roachs* prcoew pressure, and fractures the fonratiaa within tho 
treatment interval. The boreholes of walls onrrpleteo* fjjt in tl^e 
proscait prooQsg should be substantially parallel and separated by 

20 edbHtantiaaiy equal distances of at least about 6 in- DorelioJLe 

Bsporatiun distanLHH batvoaen injectors and producers of front about 
9 to 30 m are particularly suitable. Boreholes free o£ deviation* 
f rom parallel, which causa variations of rore than about 20 per cent 
of tho wrll distances ane particularly suitable. 

m the beat-injecttng wlls used in the present process* the 
cement or otment-liko notorial which is utted to eeal along tiiu face 
of the oil abate forroticn is preferaJ>ly relatively heat-condnctive 
and substantially f 1 uid-inpermeablft , Particularly pref erred ceanents 
ara stabl* at teaqperatares of at least about 300 *C # Jave a 

^ relatively high themal conductivities, relatively low pertneability, 
little or no shrinkage, an adequate ease of portability aj*3 good 
chenucaJ resistance/ etc. The permeability and disposition of the 
sealing material should provicie a seal capable of preventing any 
significant amount of fluid flc*f batsmen the .interior of the 

^ bore^old <md the face of the oil nhale fornntion, eo that the 
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rxaiifffer of heat Iron tte wjll to the formation .is siibfltartrially 
«ntireJy by ccjortuction. tffzzo portion* of the teat-injecting wall 
borobola are effectively increased in diagnotor near upper and lower 
cxtrcnitl^ft of tiiu traa-traent interval, for example, lay undor- 
S reading , the diaautars ot? the increased portions are preferably at 
least about 110% of Lbe ncounal torehnlH diarnetsr. Calcium 
alixninate- bonded concretes aid/or cemante containing alumine- 
siliuate aggregates (ox fine particJ.ee) are particularly ^uitablo 
for use as such fomotian facs-sealing JiwtserlaAs, Jteauiples of 

10 suitable ceraent3 and concretes include, those described in US 
stents such as 3,375,252; 3,507,332 and 3,595,642* 

Figure 8 abews a portion of a teat-injecting vcdl lxurfchole, 
borehole I , which ia suitable for use in the present invention and 
is located within a tzttotnent interval of subterranean all shale 

15 deposit. Horeholc 1 ocntcina enl&rgud particne, such aa portime 2 
and 3, which can be forrod by oauveutional procedures such as 
ufldorroajnirx? during drilling/ etc. A. caeing 4 is shewn positioned 
within the borohols and Lam e nte d into place with a fluid- 
iirpenreablo, l^aat-ccodtictivd nwterial, euch as oaasiL 

20 Within each enlarged borehole portion, the casing 4 is 

equipped vith at leaat one hsat^condttctive metal element* such as 
collar 6, containing radially extenaive elecrtejifca or parti win, such 
as flexible tretal tnentoers 7- such hCAt-oonductivo iratcriala form 
relatively highly conductive paths for conducting heat frcro within 

23 the interior of a bore hois to substantially the wail of an enlarged 
portion of Che borehole, Dtawplea of suitable h^t-oenductive ratal 
element* includa natal wall scratchere, turbulence Jtndaoet» f 
central wiers and the ljJoe such as a Haramr-Lok rurbobonder, or 
BoltLck TUrbohonder, available from Baker line division of Baker OU 

ID lools or a 101 Bar S ccntralizur available from Ante lops Oil Tool 
aivi S^iiDi factoring Canpany, etc. 

With an arangwwent of the type shown in Xigare 9, at least to 
aane tijctbiiit, tJto front erf heat transnittad away from a heat- 
iujecting well con be made irorn uniform along a vertical line 

J5 traversing a layer of relatively low heart conductivity without the 
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necessity of maintaining a higher tenperoture in the portion of the 
well adjacent to that Layer. ffl^en a uniiouo taanf^ciitura ih 
inaintained wathin ttu* interior of tJx borehole, the earth fnrnatj.on 
face. alon?j *uoh an enlarged portion of tlie borehole bcoojttas laeotad 
5 to substantially the sou* bacupsratura as tha fovroaU.on face along 
narrower portions of the bortthola* Sinoa tVw face of the formation 
artjcJning the borehole is boatod to tha higher temperature of any 
portion in tha formation, the toxpCdcabure gradiiffit extending 
radially away from the enlarged portion of the boxo-hol« i* ahiftad 

10 radially away from tha borehoJe* 

Tt\ general, the heating of tha interior of tha heat-ipj«c*.ing 
well can be accomplished by substantially any typs of h-atir^ 
device, such as cattx^ticn *nd/or electrical type of hcatincj 
oleroents, or thfc like. Ten haating element should extend 

^ substantially tl^roughout thut Uuatiunt interval (preferably 

throughout at Jtwt about &0 per cent of ttot interval)- S*har« a 
cartorostion type i^ting element is uead# a gas-fired heater ia 
prof erred. Tha fbdl and oxidant* for a cOTtwatian hsater I such ad 
methane and crxygsnj aro preferably supplied trough separate 

20 cenduita leading through a heat exenarrper in which ths§ i n c omin g 

fluids are heated by the outflowing combustion products. Tho burner 
liousiag and fluid conduits of a oonbuetion heater a\^ preferably 
installed v/itbln a wall conduit vtoich ia surrounded by an annular 
apace that ia filled by the ceroent for sealing the face of tha oil 

25 shalo. Generally suitable type* at oarbuetion heaters which could 
be arranged for use in the present process are deecrifaad in US 
Patents such aa 2,070 ,BQ2f 2 P 780 P 4S0 and 2,902,270, 

pj\ electrical resistanoe honfcor is particularly suitable for 
heating tha interior o£ a heat-injecting well in the present 

3D process. A plurality of resistance oleaeotfi are preferably uaad. 
The meiatanca elements can be counted within or external to an 
internal conduit or rod, or suaply extended into the borehole, tfhen 
the reuiiitancM are H*ternal to, or are free of a supporting 
element r such as a conduit or rod r thay are praferably embedded in 

35 the catcnt which seals tte f aca of the oil ehale along tha 



txceitia'flflt interval ► Generally suitable* types of aloctrical heaters 
which cculd ba arranged for use .in the present process urw 
described in US Patents such aw 2,«72,445f 2,484,063; 2,670,902; 
2,732,195 aovi 2,954,826. 
5 In various reservoir situation, portions of on <iil shais 

deposit which would, in gsnet;al, he suitable far u** a* a treatment 
interval, as <&ttarib»d in cur pan«nt application, may b9 p^m^uted 
by natural fractures and/or pianea of weakness. Ouch relatively 
weak reefcs may \*pjcergo relatively long extensionis of vertical 

10 fractures when pressurized fluids being displaced a*fey £zua an 

injection wall uoutt into ttw»« This nay result in extending fluid 
passageways Jxycnd tJio openings into production wells aneVor 
adjacent aquifers capable of causing an inflow of water to so 
extent detrimental to the oil recovery process. 

j 5 wc. tiavo i*** diwjt^veced that arch prenature fracture extensions 

can be avoided by drilling and hearting "guard wells* within such 
relatively weak oil ahalo zones in locations surrounding a pattern 
of )\eat injecting aM fluid producing wells and/or in locations 
iirtcrmittent beewaen a heat injecting or fluid producing well and 

M an adjacent aquifer. Such guard wells axa usad for comductively 
heating Uva adjoining farmatiot* substantially Uaw^hout the oil 
■Oiale interval bo be treated to a bcrcperatnre which is too low to 
gasify significant proportions of the oil shale organic components 
but is high enough to cause a significant thermal expansion of the 

25 rocks* Whan those rocks are Jveated the nartural fractures are heyt 
closed and tha fracturing caused by the approaching pressurised 
fluids (displaced away from ]iaat-in}ecting walls) tends to 
liirdtod to hori rental fractures concantratsd along tha sides nearest 
to the heat.->iriecfeing wells, Where fluid producing rails are 

3D located substantially between tha heat* injecting wells, and the 

guard veils, the fractures arc preferentially «arteno*d into those 
wells, where the high fluid pressures are quickly reduced by tha 
production of the inflowing fluid. 

The encountearing of such relatively weak reservoir rocks is 

35 apt to be indicated by an inflow of water into walls driJ lad into 
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such rocXa, 3D gsraral, the* natural fracture* t;rr*jt.i™r o illative 
weedcides* and/or water inflow can be therm! ly cIoglkJ by a 
relatively mid bsaxiwy, a* Loc\g a* tho fracture porosity iff ivot 
acre than afcout 5 per owtfu 
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C ft AIMS 

I. In a prooass in Which oil is produced fmn a subterranean oil 
shale deposit by extending at luast cme each of haar-iujectutg and 
f luid-prcducina into the. deposit,, G£tdblishing a haat- 

oonductive fliiid-ixi^wTtneadoie barrier between the interior of each 
5 heat-injecting wall und the adjacent deposit, and then heating d\e 
interior of each heat-injecting w*U at a texperatim sufficient to 
uorvductively heat oil. shale toerogen and oausq pyrolysis product* to 
form fractures within thfi oil shale deposit through which tbo 
pymlysiA products aro displaced into art least cob production well, 
'0 an uiprovernent Cor enhancing- the uniformity of tha iiaat fronts 
roovit)* through the oil shale deposit, which axqpriseei 

detfinnining variation* vitJi dept* i» the ccopositjon and 
properties of tha oil shale deposit; 
completing said haat-injacttng and fluid-producing fe^ll* 
j 5 elective Ly Into a troatmont interval of oil shale in which 

the oil shale deposit (a} is at least about 30 m thick, (b) is 
substantially impaxmaable and free of roobtXe vater/ (c) has a 
oonvositioa and thickn*»6 such that the product of the average 
Fischer Assay gra3s times tto thickness of ths treatment 
interval is at least abort 900, and (d) thereby contains 
components capable of interacting in a ananaar enhancing the 
uniformity of a front of oondtactivoly transmitted heat, with 
said wella being arranged so that, at least substantially 
chrcughgnrt said treatment interval* tJw wall boreholes are 
25 substantially parallel and am separated by substantially 

equaA distances of at least about 6 nu and 
within the intaxiox of each heat-injecting well Aaintaining an 
at/Btrngm tsspsxature which, selectively along Raid treatment 
interval, is at least about 600 *C, but in not high enough to 
w thermally darage epuiincjit witJiin the well, while heat is 

being transmitted away from ths veil at a rate not signi- 
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ficantLy faster than that pemdtted by the thermal non- 
ductivitiea of the earth fhinutions- ad>uKnt to the heated 
interval within th» veil. 

2 . Die prifeese of claim. 3 in which, to the extent required to 
keop t]» rate at which heat is tranaidtt^ thrcogh the oil Shale 
deposit iWbBtantially uriliotti along thu axes of tha heated interval 
of tha heat> injecting well, the teaperatura at which at 

l&zust one heat-injecting well is heated is relatively higher at 
depth* adjacent to partiosa of Lb? ojJ. shale deposit in which the 
host conductivities are relatively lower, 

3. The process of claim 1 in which tha rota of heating the 
interior of at least on© h^t- injecting well is varied to an extent 
causing an effective levelling- off of the thermal front so that the 
rata of advance through the oil ghale of the thermal front i» 
ocatiiSQed at substantially the sune rate uhile the rate of increase 
of the tasB^wrature within the toreho.lo is sicpificantly rodoced. 

4. Ohe process ad£ claim 1 is ^hicb the heat-injecting and 
fluid-produciiig wlls are arranged in a series of contiguuua 
patterns in wJiidi each f luld-prcducing well is surrounded by at 
least four heat-in jecfeing wells. 

3* The procasa of claim 4 in whit* each f luioV-profrcing well is 
surrounded by twelve lieah-in jesting -wella- 
6* The process of claim 1 in which the oil shale grado is at 
least about 20 gallons per ton and the grade^thictaees product is 
At least about 

7. The process of claim l r cotrpriilug the stops of 

in each heat-injecting welJ , e\tete*rtiaJJ.y throughout the 
treatment interval, scaling the face of the oil shale fonmtion 
with a solid material which i« relatively heat-oonductiv« and 
substantially fluid lxgerroabla; 

iu at least one heat-injecting well increasing the effective 
di«nsl*r of the borehole in at least one portion of the treatment 
interval and attending at least one heafc-onndactive metal element 
frai witnin the iiUerior of the borehole to n&ax the face of the 
soHmlarged portico of the borehole; and 

in each HuldVproducing well, substantially throughout the 
trwitraaTt interval/ establishing fluid cconunication betxeen the 
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well bore ar,d the oil shads farrnatica and arranging Che wei L tor 
prrxiiicHnq f.luid frcm ihe oil shale formation. 

B. The proceeB of claim 7 in **rich the ratexial sealing t)« face 
of tte oil shale formation along th» borwtol« or a tH3at-inj*etiixg 
5 well Is a oeanent arranged to fill substantially all of the space 
betwwi the outorumt metallic olarattft within tho interior of tho 
borehole and the fao» of tin* oil shale rpm&im, sa.i/3 oen^mt 
having a thturmal acxitfuct iv Lty at 3eae* fvuhfltantially as hi^b as 
that of tto oil tsbaltt formation. 

(0 9. 'Che process of claim 1 ui which at least ons well located uoar 
an edge of a pattern o£ heat- injecting and fluid-procSucing vh-Uh Ik 
axterdaa substantially throughout tha treatment interval and iiHurfcaJ 
At a teirperaturci high ehJcgh to causa a thermal ei^sindiiig arid/ or 
ccnprcssivc stressing of thcadjaoant earth formations but lew 

15 enough to avoid significant thermal HcbiliTatiOT of organic 
OQcrpanentfi of thk ail ahaly. 

10. Hie process of claim 9 in which at least one so heated well is 
subsequently heated at about the tcanparature selected for die 
freak? ng of the heat-injecting wells being employed* 
20 The process of claim 1 in Which the wll boreholes of said 

baat-injaytion and fluid producing wuila axe separated by 
substantially equal distances of about 9 to 30 
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Shale oil is subsequently produced fron a aubborrancan 
Interval of oil shaLa, wliore tlte interval is initially 
substantially inpanieabla and containa a opacified grade ana. 
thickness of oil ahal*. Said interval in conductiveiy heated fron 
boi*2hol« jjjteriorfi which are kept hotter thaa alxrut 600 *c and are 
heated at a rate such that kerogsn pyrolysis products fanned within 
the oil state create and flew through horizontal fractures which 
aubeecjuently beoaoa extended into fUUd-pcoducifig \rolls that are 
positioned in specified iooatLona. 



